We use recently available Chinese data from 2005m1 to 2016m2 to examine the impact of monetary policy on agricultural price using a factor-augmented vector autoregressive (FAVAR) model proposed by Bernanke et al. (2005) . Results show the superiority of a FAVAR model with three variables and three factors over other specifications. Impulse response functions show that both money supply and interest rate have no impact on agricultural price in the long-run (beyond 50 months). However, results indicate the considerable short-run impact of monetary policy on agricultural price. According to forecasting error variance decompositions, the interest rate could account more for the fluctuations in agricultural price than the money supply.
Introduction
Since the economic reform and opening up of China in 1978, the country has achieved a remarkable economic growth averaging about 9% per year (He et al., 2013) .
The agricultural sector in the country has also been growing at a high rate (Yu and Zhao, 2009 ). As shown in Figure 1 , even though China has maintained a sustained growth in money supply, the agricultural price is not growing rapidly. Regarding a year-on-year growth rate, the monthly rate of money supply (M2) is greater than the rate of Most of the recent studies focus on the magnitude and directions of the impact of monetary policy on agricultural price. Kwon and Koo (2009) show that the overshooting hypothesis, which argues that the monetary policy has real impacts on agricultural price in short run, offers a better way to understand the macro-agricultural nexus and to identify underlying sources of agricultural instability than the monetarist view. As Kwon and Koo (2009) summarize, there are two kinds of transmission channels by which macroeconomic policies impact agricultural sectors. These are domestic channels (e.g., Sahaian et al., 2002; Dorfman and Lastrapes, 1996) and international channels (e.g., Orden, 2002) . The issues associated with the agricultural sector, such as food security, are paramount to the Chinese government, so the domestic markets are highly regulated (Yang et al., 2008) . For instance, due to the food security concerns, Chinese government attempts to keep high self-sufficiency in the main cereals (Yu, 2014) . Thus, the effects from international markets on these commodities are very limited in China (Yang et al., 2008; Yu, 2014) . In this paper, our focus is on domestic channels. Specifically, we measure the magnitude and directions of the effects of domestic monetary shocks on agricultural price.
The frequently used methods in the existing literature related to macro-agricultural nexus are standard vector autoregressive (VAR) models and its variants such as vector error correction (VEC) and structural VAR models. However, Bernanke et al. (2005) point out that the information which could be captured by these models are usually small and sparse thereby resulting in three critical problems. First, it is likely that the measurement of policy innovations is contaminated since we do not consider enough information in the standard VAR analyses. Second, we have to take a stand on specific observable measure corresponding precisely to some theoretical constructs. However, it is very hard to do so because of the sparse information set in standard VAR analyses.
Third, we can only calculate the impulse response functions for included variables, which usually limits our ability to do more generalized analyses. Therefore, Bernanke Alternatively, we could restrict the VAR analysis to a shorter period. We take advantages of the FAVAR model to control estimation bias due to the sparseness of information in the standard VAR analyses. Chinese macroeconomic conditions. To the extent that data quality is poor and the institutional changes are frequently happening in China, using the FAVAR model can overcome many concerns outlined above.
We organize the rest of this paper as follows. In section 2, we provide details related to the econometric model, i.e., FAVAR model. Section 3 introduces Chinese data used in the paper. In section 4, we present our empirical results. Section 5 concludes.
Econometric Model
We follow the econometric notations of Bernanke et al. (2005 
where Φ( ) is a lag operator of finite order, the error term is IID with mean zero and covariance matrix Ω.
Because the factors are unobservable, we cannot directly estimate equation (1) .
To overcome this constraint, we first employ a large-dimensional dynamic factor model to extract the latent factors from a large and informational time series dataset which includes various aspects of the Chinese economy. The dynamic factor model can be presented as:
where is a × 1 vector, Λ is a × matrix of factor loadings and Λ is × , and is a × 1 vector of error terms that is assumed to have a zero mean.
Note that is large here, which means it is much greater than the number of factors and observed variables in the FAVAR system (i.e., ≫ + ). the number of factors by exploring the sensitivity of the results rather than using the estimated number of factors directly available from using methods developed by previous studies. Thus, we use the estimated number of factors from the range using different methods, and then we examine the sensitivity of impulse response functions.
If the impulse response functions are not stable, the analyses will not be conducted using that number of factors in the model.
Data
We use data collected and also because it got officially started in January 2007 which is later than the starting point of our data period. Similar to them, we use the wholesale price index of agricultural products to denote agricultural price. For the comparison purpose, we also include industrial value-added output and consumer price index in FAVAR and VAR models.
Empirical Results
We evaluate the number of factors based on different criteria before estimating the FAVAR and VAR models. Hannan-Quinn (HQ) information criterion to select lags which provided similar results.
We change the ordering of the variables in in all three models which produce very similar results proving the robustness of the estimated models. For sensitivity analysis,
we expand the FAVAR model to five factors with different orderings of variables in .
If the FAVAR model with three factors provide similar impulse response functions then it indicates that a five factor model is unnecessary.
Impulse Response Functions (IRFs)
To explore the dynamic relationship among the variables in the VAR system, we estimate the impulse response functions which is the response of one variable due to a shock in another variable. Figure 2 displays the results of impulse response functions of agricultural price to money supply (M2) based on FAVAR with three variables and three factors, FAVAR with five variables and one factor, and VAR with five variables.
Generally, the positive shock of the unanticipated money supply will increase the agricultural price at first and then decrease it. In the FAVAR with three variables and three factors, the situation changes and the impact disappears after 47 months. Its impulse response of agricultural price is the lowest among the three models estimated.
In the FAVAR with five variables and one factor, the impulse response function of agricultural price at the beginning would be lower than the standard VAR model, approaches to zero around 38 months and becomes negative afterward. In the case of standard VAR specification, the impulse response of agricultural price is the highest at the beginning among the three models, and then it approaches to zero around 40 months and continues to become negative afterward. To some extent, these latter two models are not consistent with long-run money neutrality, since they have persistent impulse response functions.
The impulse response functions of agricultural price to interest rate shock are presented in Figure 3 . All the three models produce a small price puzzle at the early period, which show a rise in the agricultural price level in response to contractionary monetary policy (Sims, 1992) . Here adding factors does not remove the prize puzzle effect, which is consistent with the results obtained by Bernanke et al. (2005) . In the latter period, the contractionary interest rate shock is negatively related to agricultural price. It is also important to note that the FAVAR model with three variables and three factors produces an impulse response function of agricultural price that returns towards zero but the two other models do not. 
Forecasting Error Variance Decompositions (FEVDs)
The estimated impulse response functions indicate that there are remarkable effects of monetary policy on agricultural price in the short-run. In what follows, we use the forecasting error variance decompositions (FEVDs) to illustrate that the instrument of monetary policy is the main force that affects the agricultural price. The FEVD provides the relative contribution of each source of shock to the variance of forecasting error. In this subsection, we focus on comparing the results from the three models since either changing the ordering or expanding to more than three factors does not make the performance (impulse response function) of the models better. The results are presented in Table 2 .
We draw attention to the estimates at the 60 months ahead forecasting error variance. In the upper panel of Table 2 , the FAVAR model with three variables and three factors shows that the interest rate could account for 8.36 percent of the variation in agricultural price in the long-run. The money supply, however, explains only 5.42
percent of the variations in agriculture price which is relatively smaller than the impact from the interest rate. The middle panel of Table 2 shows FEVDs of FAVAR model with five variables and one factor. The results show that 13.22 percent of the variability in agricultural price is explained by money supply in the long run and 10.30 percent of the variability in agricultural price is explained by the interest rate. The lower panel of Table   2 shows FEVDs of VAR model with five variables. The difference in variability caused by money supply and interest rate is much larger. Here, 21.05 percent of variations comes from money supply whereas interest rate determines only 9.92 percent of variations in agricultural price. Results from these latter two models show that money supply contributes more variability in agricultural price than the interest rate, which is not consistent with previous studies (Kwon and Koo, 2009; Saghaian et al., 2002) .
To compare the results of the three models, we subtract the contribution of interest rate from the contribution of money supply ( 2 − ) and then analyze the difference.
The results are presented in Figure 8 . In the FAVAR model with three variables and three factors, the difference between these two components is negative except in the first period, which means interest rate is the main force that affects agricultural price.
The results from FAVAR model with five variables and one factor change the result dramatically, showing that money supply dominates the volatility of agricultural price.
The In the standard five-variable VAR model, we are modeling the whole Chinese economy only by the observable variables which might omit some important information. Although money supply would be able to explain some fluctuations in agricultural price, it is not able to capture all the economic information to make results more consistent with previous studies. After conditioning on enough information through the FAVAR model with three variables and three factors, results obtained using
Chinese data are consistent with other studies.
Conclusions
We employed a factor-augmented vector autoregressive (FAVAR) approach proposed by Bernanke et al. (2005) to examine the impact of monetary policy on consistent with previous studies.
Results of impulse response functions from the FAVAR model with three variables and three factors were consistent with the overshooting hypothesis. Results indicated that economic shocks from both money supply and interest rate would have considerable effects on agricultural price in the short-run. However, they have no impact on agricultural price in the long-run, which is consistent with the long-run money neutrality theory. Additionally, results show that interest rate could contribute more to the volatility in agricultural price based on the forecasting error variance decompositions. Note: f1, f2, and f3 are factors. M2 is money supply, IR is interest rate, AP is agricultural price, CPI is consumer price index, and IVA is industry value added. K is number of factors. 
